Gas chromatography is a special form of the general chromatographic technique in which the mobile phase is a gas and the stationary phase either a solid or a liquid. It may, therefore, conveniently be divided into two types, gas-solid chromatography (GSC) and gas-liquid (GLC). In the former, the separation achieved is due to the adsorption of the sample on the solid; in the latter, to its solubility in the liquid. Both can be applied to the separation of materials which are volatile without decomposition. So far, they have been used at temperatures ranging from below or around room temperature, for the analysis of gases, up to 300°C. or more, for example, for long-chain fatty acids. There is no reason why much higher temperature should not be used for inorganic materials.
The sample to be analysed is introduced into a moving gas stream (the carrier-gas) and is carried by it down a column. The column contains an adsorbent or a liquid of low volatility held upon an inert support (which is normally some form of kieselguhr) and the constituents of the sample distribute themselves between the two phases; in general, their adsorptivities or solubilities differ and they are carried along the column at different rates, emerging at the end in distinct peaks separated by substantially pure carrier-gas. On emerging, the vapour in the carrier-gas must be detected by suitable instrumental methods and its presence is normally recorded automatically.
The characteristic and essential parts of the apparatus are, therefore, the sample injector (by which the sample is introduced into the gas stream), the column and its associated thermostat and the detection system. Injection of the sample must be carried out in such a way that it vaporises rapidly and the entry to the column must therefore be maintained at an appropriate temperature; the sample itself is usually introduced as a liquid, for example, by means of a hypodermic syringe passing through a serum cap. The needle must be long enough to reach the top of the column packing so that capillary action causes the sample to spread rapidly over a large surface. This large surface area is one requisite of the supporting material for the liquid phase. A usual size of analytical column is 4-6 mm. internal diameter by 1 metre.
The outstanding success of gas chromatography has depended partly on the high rate of diffusion in gases, which has resulted in a rapid separating process, but even more on the ease with which a foreign gas or vapour can be detected in the carrier-gas stream. Many methods have been tried, ranging from the chemical titration, first used by James and Martin, through those based on the physical properties of the materials to those dependent on the ionisation characteristics of the molecules. The most widely used detector is the katherometer, operation of which depends upon the change in thermal conductivity of the gas stream which arises when the components of the sample are eluted, but this is gradually giving way to one or other of a number of ionization detectors. A gas, or vapour, does not normally conduct electricity, but will do so if the molecules are ionized; molecules of different substances vary greatly in the ease with which they can be ionized and, in particular, organic molecules can be ionized much more easily than the gases used as carriers so that, in suitable conditions, detectors based on this process can be made to respond only to the sample and not at all to the carrier. The ionization can be caused by an electric discharge, by a flame, or by the action of radioactive material and the last two methods have been extensively used. By correct choice of conditions, good linearity (needed for quantitative analysis) or extreme sensitivity can be obtained, so that, whereas gas chromatography began with milligram samples, microgram samples can now be analysed.
Under fixed conditions, it is found that one component is always eluted from the column at the same time after injection. This is expressed in terms of the Retention Volume or Relative Retention Volume which is dependent on the volume of carrier-gas passing through the column during the time of elution. Retention volumes are not only characteristic of compounds but, in the case of homologous series, bear a simple relationship to molecular size, viz. the logarithm of the retention volume gives a straight line when plotted against the carbon number. The relative retentions of compounds belonging to different series may change when the stationary phase is changed and these properties form the basis for qualitative analysis by gas chromatography. The choice of stationary phase is of prime importance for many separations and, in general, compounds are retained longest by stationary phases of similar chemical character. With complex mixtures, however, this use of selective solubility may be inadequate to separate all the components, and it is essential to use columns of high efficiency, i.e. columns which yield sharp peaks so that overlap of components having similar retention volumes is reduced to a minimum. This high efficiency is either achieved by taking great care in packing the column (e.g. all the particles must be as nearly as possible of the same size), or by the use of capillary columns. In these, the packing is replaced by the wall of a capillary tube which is coated with the stationary phase. Exceedingly sharp separations can be obtained at the price that only very small samples can be handled.
Most work in gas chromatography has been carried out with the column held at a constant temperature, chosen usually to be about the middle of the boiling-range of the sample. This is not satisfactory for wide-boiling range samples because the early peaks will either be eluted too quickly to be satisfactorily recorded or (at lower temperatures) the total time of analysis will be too long. This difficulty has been best overcome by the use of programmed heating-raising the temperature of the column during the analysis so that, for each compound, it passes through the optimum value for the particular conditions of the column. This technique shortens the time of analysis and gives peaks of a better shape, more evenly dispersed, than isothermal elution. For qualitative analysis, the retention temperature is a more useful characteristic than retention volume.
Many problems in qualitative analysis were successfully resolved by straightforward gas chromatography and consideration of retention volumes, but as the technique has developed and the problems have increased in complexity, the analyst has needed to supplement the chromatographic information. Retention volumes are comparable to melting points as physical characteristics and for complex materials often do not provide a positive identification -they may do if the chemical type is known, but not otherwise. One must then tum to other means of fraction identification such as mass-or infrared-spectrometry. The latter, in conjunction with gas chromatography, is a powerful analytical method. Since spectrometers are expensive, alternative cheaper methods are desirable and chemical methods for examining the small eluted samples are being worked out. For example, the carrier-gas from the column may be bubbled through reagents which give colour reactions for specific classes of compounds. Chemical treatment of the sample before analysis may also be used; for example, a hydrocarbon sample may be chromatographed straight and after reaction with sulphuric acid, so that the peaks attributable to olefines and aromatics may be identified.
Further problems arise in sampling---contaminants may have to be concentrated before analysis or the sample may be in an inaccessible form, such as small amounts of volatile solvents in high-melting waxes or volatile flavours and odours in aqueous solutions, and must be extracted before it can be analysed. The sample may be involatile and must be converted to a volatile derivative for analysis, or alternatively, in the case of polymers, pyrolysed to give characteristic breakdown components.
Some Practical Points in the Construction and Operation of Gas Chromatographs C. RILEY
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Much of the equipment used in gas chromatography can be constructed in any laboratory with modest workshop facilities and the following notes may be of some assistance to those contemplating such construction.
A commercially made recorder will be required and the millivolt potentiometric recorders
